1075

Primary ion fluence dependence in time-of-flight
SIMS of a self-assembled monolayer of
octadecylphosphonic acid molecules on mica
discussion of static limit!

M. Nieradko, N.W. Ghonaim, L. Xi, H.Y. Nie, J. Francis, O. Grizzi, K. Yeung, and
W.M. Lau

Abstract: By using a self-assembled monolayer of octadecylphosphonic acid molecules, CH;(CH,),;7PO(OH),, on mica
as a model of the “soft” materials, such as self-assembled monolayers (SAMs) and multilayers in many biological sys-
tems as well as artificially engineered molecular electronic systems, we have examined the effects of primary ion
fluence on time-of-flight secondary ion mass spectrometry (TOF-SIMS) of the technologically important model. Our
measurements clearly show that although the intensity per unit primary ion fluence of most atomic ions and many
small fragment ions do not vary by more than 10% for the fluence range of 10'°-10'3 cm™, the intensity of the parent
molecular ion can drop by two orders of magnitude in this fluence range. While the changes are different for the pri-
mary ion beams of Bis* (25 keV, 45°), Bi* (25 keV, 45°), and Ar* (8 keV, 45°), they are all substantial, with the dam-
age cross section induced by the Bis* beam being the largest (6 000 A?). Since different secondary ions have quite
different intensity changes, the analytical results derived from TOF-SIMS can vary significantly by the time and dura-
tion of the measurements in the TOF-SIMS experiment. Therefore, our results suggest that for TOF-SIMS of molecular
layers such as SAMs, the primary ion fluence condition should be recorded and reported. In general, the validity of the
static condition becomes questionable when the cumulative primary ion fluence exceeds 1 x 10'! cm™.

Key words: SIMS, static SIMS, TOF-SIMS, soft materials, self-assembled monolayer, bilayer, surface of biological
materials.

Résumé : En prenant une monocouche autoassemblée de molécules d’acide octadécylphosphonique,
CH;(CH,),7,PO(OH),, sur du mica comme modele des matériaux souples, tels les monocouches autoassemblées (MAA)
et les multicouches qu’on retrouve dans plusieurs systémes biologiques ainsi que les systemes électroniques moléculai-
res mis en place artificiellement, on a examiné les effets de la fluence ionique primaire sur la spectrométrie de masse
de I'ion secondaire en temps de vol (SMIS-TDV) du modele technologiquement important. Nos mesures montrent clai-
rement que, méme si 1’intensité par unité de fluence de 1’ion primaire de la plupart des ions atomiques et que plusieurs
petits ions fragments ne varient pas plus de 10% pour la plage de fluence allant de 10'° 4 10'3 cm™2, I'intensité de
I’ion moléculaire parent peut diminuer par deux ordres de grandeur dans cette plage de fluence. Méme si les change-
ments différent avec les divers faisceaux des ions primaires du Biz* (25 keV, 45°), Bi* (25 keV, 45°) et Ar* (8 keV,
45°), ils sont toutefois toujours importants et la section droite du dommage induit par le faisceau de Bis* est le plus
important (6 000 A%). En se basant sur le fait que les changements dans les intensités varient d’une facon importante
avec la nature des ions secondaires, les résultats analytiques obtenus a I’aide de la spectrométrie de masse de 1’ion se-
condaire en temps de vol peuvent donc varier d’une fagon significative avec le temps et la durée des mesures faites de
cette facon. Les résultats obtenus suggerent donc que pour les SMIS-TDV de couches moléculaires telles que les mo-
nocouches autoassemblées, la condition primaire de fluence ionique devrait étre enregistrée et rapportée. En général, la
validation de la condition statique peut étre remise en question quand la fluence cumulative de I’ion primaire dépasse
1 x 10" ecm™.
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[Traduit par la Rédaction]
. ride), and poly(methyl methacrylate) and showed the dam-

Introduction ) poly(methy ylate)

The surface analytical technique of static secondary ion
mass spectrometry (static SIMS), as a means of nondestruc-
tive characterization, is now widely used for many surface
science applications (1). One emerging field of applications
bearing particular importance is the analysis of “soft” mo-
lecular layers in both molecular electronics and biological
systems, soft materials that include submonolayers of ad-
sorbed organic molecules, self-assembled monolayers
(SAM), bi-layer and multi-layer lipid molecules, cell mem-
branes, and surfaces of other biological systems (2-9). They
are soft because the intermolecular bonding is commonly
van der Waals in nature. In these studies the characterization
often requires the detection and imaging of the parent and
fragment ions of a constituent with a concentration much
less than a monolayer. SIMS, in conjunction with the time-
of-flight (TOF) technique, is indispensable because of its
rather unique capability in detecting such a trace surface
concentration. This detection sensitivity allows the comple-
tion of an analysis with a very low primary ion irradiation
fluence so that in the course of the analysis only very few of
the surface atoms and (or) molecules are struck by a primary
ion. As such, when they are probed, all the atoms and (or)
molecules are likely in their original condition because all
prior probing events are too far away to affect them. Under
this “static” condition the SIMS signals can be used to de-
duce the very original nature of the surface. The accomplish-
ment of this measurement outcome is attractive to most
studies, including studies of molecular layers in molecular
electronics and biological systems. However, the soft nature
of these molecular layers makes them susceptible to changes
induced by ion bombardment; hence, further clarification of
the static condition in this context is required.

By definition, the maximum primary ion fluence below
which the static condition is valid really depends on the ra-
dial range of the surface interactions induced by the arrival
impact of a specific primary ion on a specific surface.
Hence, the static condition itself is by no means “static”, and
it is more difficult to satisfy when the surface is soft and
more susceptible to ion-induced changes. In fact, in the early
development of static SIMS most specimens of interest were
stable inorganic materials with surfaces relatively immune to
ion-induced changes. The radial range is often correlated to
the collision cross-section, which is typically about 10~'* cm?
for most ion bombardment at the keV range for many met-
als, semiconductors, and dielectrics (10—12). For an analysis
of this type, the static condition can be quite forgiving and is
often specified with a primary ion fluence lower than 1 X
10'3 cm™. In 1991 and 1992, Legett and Vickerman mea-
sured (13—14) the primary ion fluence dependence of sec-
ondary ion signals from polymers poly(ethylene
terephthalate), poly(tetrafluoroethylene), poly(vinyl chlo-

age of the original nature of the polymer caused by both ion
bombardment and ion neutralization. In 1995, Delcorte et al.
(15) cautioned any casual claim of nondestructive measure-
ments and insightfully proclaimed that there is no real
“static” condition, and one should always be careful about
bombardment-induced effects during any ion beam analysis.
In 1996, Gilmore and Seah (16) carefully examined the
static SIMS condition for polymers such as poly(ethyl-
eneterephthalate) and poly(tetrafluoroethylene) with 4 keV
argon and xenon primary ions and made the practical recom-
mendation that for the analysis of polymers, the primary ion
fluence limit for maintaining the static condition should not
be higher than 1 x 10'?> cm™. Since then, most studies of soft
materials have indeed adopted this recommendation.

Because primary ion bombardment effects on soft molec-
ular layers have not yet been studied thoroughly, we have
begun to study the effects of primary ion fluence in TOF-
SIMS and TOF ion scattering spectroscopy (ISS) for the soft
molecular layers in the molecular electronics and biological
systems in our own on-going research. In this article, we re-
port on some of our results collected from the special speci-
mens of octadecylphosphonic acid, CH;(CH,),PO(OH),, on
mica in the form of a self-assembled monolayer (referred to
as OPA/mica, with the molecule referred to as OPA-H).
These specimens were used to model the silane-based and
phosphyl-based molecular layers in molecular electronics
and cell membranes. They were also chosen because our re-
search group had already acquired some prior knowledge on
their formation mechanism and technical skills on the use of
TOF-SIMS and atomic force microscopy (17, 18).

The article will focus on the exemplification of the sensi-
tive TOF-SIMS changes in the fluence regimes of 10'! to
10" cm™2, with some data points collected below 10'! cm™
whenever the data collection is practical. Since the Bi;* ion
beam is one of the primary ion beams of choice in the recent
research of soft molecular layers, most of the results shown
in this article were collected with it. To illustrate some of
our ideas on the possible ion—surface interactions causing
the observed sensitivity of primary ion fluence, we will also
show some TOF-SIMS results of Bi* and Ar" on OPA/mica
and of Biy* on alkyl-thiols/Au(111).* In addition, we will
briefly correlate these results with those from our scanning
probe microscopic studies of the ion—surface interactions on
these molecular layers (19).

Results and discussion

Primary ion fluence dependence of negative secondary
ions from OPA/mica with Bi;*

As expected, the secondary parent ion intensity critically
depends on the primary ion fluence for the model molecular
layer sample of OPA/mica in the entire primary ion fluence

4N. Ghonaim. Manuscript in preparation.
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Fig. 1. Relative TOF-SIMS negative secondary ion intensities as
a function of primary ion fluence for OPA on mica using a Bis*
ion beam within a cumulative primary ion fluence of (a) 10'3 cm™
and (b) 10'? cm™.
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range from about 1 x 10'" to 1 x 10'* cm™. Negative sec-
ondary ion intensities are shown in this example because the
negative secondary ion yield is much higher than the posi-
tive ion counterpart. The comparison between negative and
positive secondary ions can be found later in the paper.
From Figs. la and 1b, one sees that the parent molecular ion
(OPA-H") drops exponentially, with a decrease in intensity
of two orders of magnitude when the cumulative primary ion
fluence increases from 1 x 10'° to 1 x 10'3 cm™. Similarly,
the characteristic phosphate fragments PO;~ and PO,™ de-
crease in intensity immediately as well, but these changes
are much less marked within 1 x 10'2 cm™. The measured
changes are definitely not caused by any system error be-
cause the negative fragment ion intensity of elemental car-
bon (C7) and phosphorus (P~) change very little in the same
cumulative primary ion fluence range. Conceivably the bom-
bardment leads to bond breakage in the adsorbed molecules
causing a drop in the concentration of the virgin molecules.
The bond breakage, on the other hand, increases the number
of carbon atoms having dangling bonds, which may lead to
the observed increase in the C™ intensity. As revealed in the
following sections, the C intensity for TOF-SIMS with Bi*
and Ar* and that of C* for Bi;* also increase with increasing
cumulative primary ion fluence. All these observations, to-
gether with the observations that the parent ion intensities in
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all these bombardment conditions consistently decrease
exponentially with the cumulative primary ion fluence, con-
verge to the inference that the primary ion bombardments in
all these cases are causing a very significant damage to the
adsorbed molecules. To further support the results shown by
the plots of the primary ion fluence dependence of the selec-
tive ions in Fig. 1, we show the negative ion mass spectra of
OPA/mica at a cumulative primary ion fluence of 1 X
10" cm™? (Fig. 2a) and 1 x 10'* cm™ (Fig. 2b) and those of
a bare mica at a cumulative primary ion fluence of 1 X
10" cm2 (Fig. 2¢). Once again, the parent molecular ion in-
tensity in Fig. 2a drops rapidly in Fig. 2b and is obviously
absent in Fig. 2c¢. In Fig. 2b, some fragments derived from
the bombardment damage of OPA, such as PO, and PO;~,
are seen; once again, they are absent in Fig. 2c¢. A compari-
son of Figs. 2a and 2b also shows that the intensity drop for
the OPA parent molecular ion is much more significant than
those of the PO, and PO;~ fragment ions. While no signals
from the mica substrate are seen in Fig. 2a, they appear in
Fig. 2b. However, this does not necessarily mean that a large
fraction of the OPA coverage has been completely removed,
because the PO,™ and PO;™ signals are still strong in Fig. 2b
and a careful examination of the intensity of P~ (see also
Fig. 1b) shows little change up to a primary ion fluence of
I x 10% cm™.

In principle, the observed exponential decrease of the par-
ent molecular secondary ion intensity is a convoluted effect
of damage and removal of the OPA molecule, together with
the possible change in ion yield. However, OPA removal due
to sputtering or desorption should not be an important attrib-
ute in the low primary ion fluence range of the present work.
For example, if a removal yield of 10 molecules per primary
ion is assumed, the decrease in OPA surface density should
still be less than 10% for a primary ion fluence of 1 X
10'* cm™. There are further experimental observations sup-
porting the insignificance of OPA removal. First, the P~ in-
tensity does not change significantly at the primary ion
fluence of 1 x 10'3 cm™, as shown in Fig. 1. If removal of
OPA is important, one would expect a significant drop in the
P~ intensity. Second, an atomic force microscopic analysis of
the sample after receiving a primary ion fluence of 1 x
10" cm™ shows no void in the self-assembled monolayer.
Regarding the ion yield factor, subsequent sections of this
article show that similar exponential decreases of the parent
molecular ion intensity are evident for positive ion measure-
ments with Bi;* and negative ion measurements with Ar*
and Bi*. This indicates that the observed exponential de-
creases of the parent molecular ion intensity in all these
cases are mainly due to the damage of the parent molecules
induced by the primary ion bombardment.

To further analyze the observed secondary parent ion in-
tensity changes as a function of primary ion fluence, we as-
sume that the observed exponential drop of the parent
molecular ions is due to the damage of the parent molecule,
OPA-H, by the primary ion bombardment. Taking this as-
sumption, we adopt the following common description with
the concept of damage cross-section (1),

(11 L(¢) = I, exp(-00)

where [, and [, are the respective secondary parent ion inten-
sities at the beginning of the measurements and at time ¢, ¢ is

© 2007 NRC Canada
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Fig. 2. TOF-SIMS negative secondary ion mass spectra for OPA on mica using a Bi;* ion beam within a cumulative primary ion
fluence of (a) 1 x 10" cm™ and (b) 1 x 10'* cm™. The spectrum from bare mica with a cumulative primary ion fluence of 1 x 10'* cm™

is included in (c¢).
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the cumulative primary ion fluence after time ¢, and ¢ is the
damage cross-section for the parent molecule. It turns out
that the damage cross-section of the parent OPA-H™ mole-
cule by Bi;* at 25 keV and at an incident angle of 45° is
about 6 x 1073 cm? (or 6 000 A2). This is consistent with
the work by Galera et al. (20) on the Langmuir-Blodgett
monolayer of arachidic acid on gold with 2 keV Cs* and an
ion incident angle of 20°. The damage cross-section in this
previous case is ~1 x 107* cm? 1In comparison,
Benninghoven and Sichtermann (11) reported significantly
smaller damage cross-sections (from 1 to 7 x 10~'* cm?) for
various parentlike ions from a sample of leucine (with
2.25 keV Ar" as the primary ion). We speculate that the rela-
tive large damage cross-sections for molecular layers such
as self-assembled monolayers and Langmuir-Blodgett films
may arise from the agility of the damaged molecules and
their diffusion inevitably extends the radial range of molecu-
lar damage.

With the estimated damage cross-section value of 6 x
10713 cm? and eq. [1], we can further calculate the primary
ion fluence limit for the static condition by adopting the
Gilmore and Seah recommendation of setting the fluence
limit by allowing not more than a 10% change in the sec-
ondary ion intensity. The result in this case is 2 x 10'! cm™,
which is significantly lower than the prevalent assumption of
a fluence limit of 1 x 10'> cm™ for the static condition. If
this prevalent fluence limit assumption were adopted in the
study of OPA/mica under the same analysis condition in this
work, the maximum secondary ion intensity change in the
fluence range of 1 x 10'> cm™ is 39%. Obviously, the claim
of the static condition is invalid.

What are the practical scientific implications of errone-
ously going beyond the primary ion fluence limit of the
static condition? The immediate implication is that any mea-
surements of the surface density of a molecule with a large
damage cross-section will become rather arbitrary when the
measurements only claim the validity of the static condition

without specifying the actual cumulative primary ion fluence
for the measurements. In addition, rectifying this error by re-
sorting to calculations of relative intensities with one molec-
ular species as an internal reference may not work because
the damage cross-sections are likely molecule and (or) frag-
ment dependent, even for the same primary ion bombard-
ment conditions. For example, the data in Fig. 1 clearly
show that the damage cross-section for OPA-H™ is higher
than PO;™ and PO,". Hence, we advocate that in TOF-SIMS
studies of soft molecular layers, one should mind the effects
of primary ion fluence. With our estimated primary ion
fluence limit of 2 x 10'' cm™ for OPA/mica with 25 keV
Bis*, we recommend that the static condition should be set
to 1 x 10" cm™ for TOF-SIMS studies of soft molecular
layers. However, we prefer to recommend that a thorough
check of the primary ion fluence dependence is the best rem-
edy for reducing any measurement errors induced by the de-
pendence of primary ion fluence.

Primary ion fluence dependence of positive secondary
ions from OPA/mica with Bi;*

Under Bi;* bombardment, the detection of negative sec-
ondary ions commonly gives more intense signals than that
of positive secondary ions from an oxide matrix. For the
sake of completeness of illustrating the primary ion fluence
dependence in this work, we show the secondary ion intensi-
ties of OPA+H" and C* as a function of primary ion fluence
in Figs. 3a and 3b. Although the signal-to-noise statistics
displayed in Fig. 3 are far from ideal, the data do show
clearly that while the intensity of C* increases slowly, the
parent molecular ion intensity drops rapidly. When we fit the
data for OPA+H™" using eq. [1], we obtain a damage cross-
section of ~ 5 x 10713 cm™. Because the signal-to-noise level
of this set of data is poor, we do not speculate on any differ-
ence in damage cross-section or damage mechanism be-
tween the negative secondary ion detection and the positive
ion detection.

© 2007 NRC Canada
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Fig. 3. Relative TOF-SIMS positive secondary ion intensities as
a function of primary ion fluence for OPA on mica using a Bis*
ion beam within a cumulative primary ion fluence of (@) 10'* cm™
and (b) 10'? cm™.
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Comparison of the results from OPA/mica with Biz*
with those with Bi* and Ar*

Our preliminary results from bombardment of the
OPA/mica by a 25 keV Bi* source shows similar dependen-
cies on primary ion fluence for OPA-H™ and C~ as well as
the characteristic phosphate headgroups PO;~ and PO,~, as
shown in Figs. 4a and 4b. The intensity of the carbon frag-
ment ion slowly increases throughout the experiment while
the intensity of the parent molecular ion drops exponentially.
As expected, the Bi;* ion beam outperforms the Bi* ion
beam in producing characteristic secondary ion intensities in
the same fluence range because of the nature of cluster ion
bombardment (2). Fitting of the Bi* OPA-H™ profile with
eq. [1] gives a damage cross-section of 2 x 1073 cm?. For
comparison purposes, bombardment of the OPA/mica by an
8 keV Ar* source is shown in Figs. 5a and 5b. The molecu-
lar ion is only weakly detected compared with using either
of the bismuth ion sources. As a result, each point of the
profile is summed over five scans to give a less noisy ap-
pearance. Fitting of the Ar* OPA-H™ profile with eq. [1]
gives a damage cross-section of 3 x 107'3 cm?. The smaller
damage cross-section of OPA-H™ using the Bi* source com-
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Fig. 4. Relative TOF-SIMS negative secondary ion intensities as
a function of primary ion fluence for OPA on mica using a Bi*
ion beam within a cumulative primary ion fluence of (a) 10'* cm™
and (b) 10?2 cm™2.
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pared with the Bis* source is expected, as discussed in the
literature with various studies of thin organic layers under
cluster ion bombardment (3, 5). The kinetic energy of the
Bi* source is 25 keV while that of the Bi;* source is ~8 keV
per atom. Therefore the Bi* source will penetrate deeper into
the specimen while producing less damage in the near-
surface plane compared with each atom of the Bi;* source.

With the readily available TRIM/SRIM codes for studying
molecular dynamics in the collision cascades, we use a hy-
pothetical sample of 2 nm polyethylene on alumina to cross-
check the effects of primary ion bombardment for Bi*
(25 keV, 45°), Bi*(8 keV, 45°), and Ar* (8 keV, 45°). The
calculations give the 3-dimensional ion, recoil, and vacancy
distribution statistics, and have been prevalently used in the
interpretation of SIMS results (2, 5). In the present work, we
find that Ar* at 8 keV produces 3 to 4 carbon vacancies and
10 hydrogen vacancies per Ar" in the polymer layer, which
is about two times less than Bi* at 25 keV. However, the lat-
eral range of the vacancy distribution in the polymer layer in
both cases is about the same. This may be the reason the
damage cross-section of Ar* at 8 keV is close to that of Bi*
at 25 keV. Although the TRIM calculations do not take into

© 2007 NRC Canada
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Fig. 5. Relative TOF-SIMS negative secondary ion intensities as
a function of primary ion fluence for OPA on mica using an Ar*
ion beam within a cumulative primary ion fluence of (a) 10'* cm™
and (b) 10'? cm™.
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account many-body interactions and likely over-simplify the
collision cascade activities induced by cluster ion bombard-
ment, we find that three Bi* ions at 8 keV produce at least
two times more hydrogen and carbon vacancies in the top
polymer layer than 1 Bi* at 25 keV. Our experimental re-
sults show that the damage cross-section of Bis* at 25 keV is
indeed larger than that of Bi* at 25 keV.

Comparison of the SIMS results from OPA/mica with
those from alkyl-thiols/Au(111)

In our on-going research on TOF-SIMS and TOF-ISS of
soft molecular layers, we have used the OPA/mica model to
represent the silane and phosphyl self-assembled monolayer
families and the alkyl-thiol/Au(111) model to represent the
thiol self-assembled monolayer family. Briefly, the TOF-
SIMS of the alkyl-thiol/Au(111) model is also sensitively
dependent on the primary ion fluence, and the primary ion
fluence limit for the static condition is also much lower than
1 x 10'2 cm™. Hence, the extent of molecular damage is not
fundamentally different from the OPA/mica model. In fact,
our TOF-ISS studies of the alkyl-thiol/Au(111) model,

Can. J. Chem. Vol. 85, 2007

which detect neutral recoil emission as well as ion emission
from the surface, have also independently confirmed that
primary ion fluence causing damage to 10% of surface mol-
ecules is below 1 x 102 cm™2, even for 4 keV Ar* (20° inci-
dence).’ Although the TOF-SIMS of the OPA/mica and the
alkyl-thiol/Au(111) model are both influenced by molecular
damage, the overall primary ion fluence dependence of the
alkyl-thiol/Au(111) model is different from that of the
OPA/mica model. For example, while the SIMS signals of
the large molecular ions from OPA/mica generally drop ex-
ponentially, those from thiols/Au do not change
monotonically. In other words, those from thiols/Au are
quite complicated. The difference arises from the fact that
during TOF-SIMS with a reactive primary ion such as bis-
muth, cesium, or oxygen, the primary ion bombardment
does not only cause molecular damage but also affects the
relative ion yields of some ions. By examining the intensity
changes of all secondary ions (or the lack of changes) in the
OPA/mica model with Bi;* (both negative secondary ions
and positive secondary ions), Bi* (negative secondary ions),
and Ar* (negative secondary ions), we have not observed
any obvious ion yield changes induced by the accumulation
of primary ion fluence. In comparison, the ion yield changes
are very obvious in the alkyl-thiols/Au model. The detailed
description of the results collected from the alkyl-
thiol/Au(111) model will be given elsewhere.*

Complementary results from scanning probe
microscopy of relevant model specimens

In the present study of the OPA/mica model, we have used
atomic force microscopy to verify the presence of a “com-
plete” monolayer of OPA molecules on a freshly cleaved flat
mica surface. In this context, complete means no observation
of any detectable voids in the layer. After the TOF-SIMS ex-
periments, we used AFM to track the molecular damage in-
ferred from the TOF-SIMS data. Interestingly, no clear
evidence of void formation has been detected. The fact that
the molecular damage inferred from TOF-SIMS is not ac-
companied by sputter removal or desorption of the mole-
cules is further confirmed by the observation of a constant
P~ intensity for a primary ion fluence up to 1 x 10'3 cm™ in
the Bi;* experiment, which has the highest damage cross-
section. As mentioned earlier in this article, we speculate
that the “molecular damage” inferred from the changes of
parent molecular ion intensity may be the combined effect of
the fragmentation of some parent molecules being influ-
enced by a primary ion arrival and the diffusion of the al-
tered molecules. Drastic removal of the parent or altered
molecules from the surface are not necessary conditions for
the observed primary ion fluence dependence of secondary
ion intensity. If so, AFM cannot detect the surface chemistry
changes induced by the primary ion fluence.

We want to note in this discussion that in our recent ex-
amination of short-chain alkyl-thiols on Au(111), we have
observed from scanning tunneling microscopy that while the
original surface lattice of short-chain alkyl-thiols (C,HsS or
C;H,S) on Au(l1l) is ordered, a seemingly armless ion
bombardment with a low fluence of 10 eV H* can cause
some drastic changes on the ordering of the surface lattice

50. Grizzi. Manuscript in preparation.
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and clear evidence of bombardment-induced diffusion of
molecules can be recorded (19). This set of new results sup-
ports our speculation of a “fragmentation + diffusion” mech-
anism causing our observed sensitive primary ion fluence on
TOF-SIMS analysis of a soft molecular layer.

Conclusion

The primary ion fluence effects on the TOF-SIMS data
from an octadecylphosphonic acid (OPA) self-assembled
monolayer (SAM) on freshly cleaved mica (muscovite) have
been studied with Bis*, Bi*, and Ar* primary ion beams. The
parent molecular secondary ions in all change rather drasti-
cally as a function of primary fluence below 1 x 10'!' to 1 x
10" cm™. Fitting of the OPA-H™ data (Bi;* ion beam,
25 keV, 45° incident angle) to a single exponential function
gives a damage cross-section of 6 x 10713 cm? (6 000 A?) for
the parent molecular ion. A similar damage cross-section of
the parent molecular ion is observed during the collection of
positive secondary ions. The static limit for TOF-SIMS of
OPA/mica with Bi;* is estimated to be 2 x 10" cm™2, which
is significantly lower than the prevalent static limit of 1 X
10'? cm™ in TOF-SIMS. In comparison to Biy* (25 keV,
45°), Bi* (25 keV, 45°), and Ar* (8 keV, 45°) have OPA-H~
damage cross sections of 2 x 107"% cm? and 3 x 1073 cm?,
respectively. With these data, we recommend that it is safer
to set the static condition to 1 x 10'" cm™ for TOF-SIMS of
soft molecular layers. Ideally, the primary ion fluence condi-
tion and the secondary ion changes as a function of primary
ion fluence should be measured and reported.

Experimental

Sample preparation

Crystalline octadecylphosphonic acid (OPA),
CH;(CH,),7,PO(OH),, was obtained from Alfa Aesar (Ward
Hill, Massachusetts). The sample preparation was performed
according to the procedure of Nie et al. (16). An OPA SAM
of approximately 100% coverage was prepared by spin-
coating a 2 mmol/L solution of OPA in trichloroethylene
onto freshly cleaved muscovite mica at 5000 rpm. This
coating was then dried with nitrogen to remove any weakly
adsorbed molecules or other loose contaminants. The mica
was 1 cm x 1 cm in size. Four regions were etched onto this
coated mica, one for each TOF-SIMS time profile per-
formed. A second bare piece of muscovite mica was also
cleaved for comparison purposes in the TOF-SIMS studies.

AFM measurements

Topography measurements were performed using a PSTA
XE-100 microscope. The sample surface was scanned in
noncontact, low-voltage mode with a scan area of 1 um X
I um. The low voltage mode was used to observe fine sur-
face features that were present in SAMs

TOF-SIMS measurements

An ION-TOF (Gmbh) TOF-SIMS IV single-stage
reflectron instrument with 10 kV post acceleration was used
to study the OPA SAMs prepared on the mica substrate. A
pulsed, low-energy electron flood gun was used to neutralize
sample charging. All measurements were performed at room
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temperature. The raw data was analyzed using the IonSpec
program. All intensities were normalized against the total in-
tensity of each particular spectrum. The lack of detectable
damage arising from the low energy electron irradiation dur-
ing the measurements was confirmed by the fact that no
change was observed after the TOF-SIMS measurement was
paused, by blanking the primary ion beam without stopping
the low energy electron irradiation.

Negative secondary ion OPA on mica time profile with
Bi;* source

Negative secondary ion measurements were performed us-
ing a (10 kHz) pulsed 25 keV Bi;* primary ion beam at an
incidence angle of 45°. The primary ion beam with a pulsed
current of 0.12 pA was focused and rastered onto a 128 x
128 um? area, delivering a cumulative ion dose of 1 x 10"

ions cm™2.

Negative secondary ion OPA on mica time profile with
Bi* source

Negative secondary ion measurements were performed us-
ing a (10 kHz) pulsed 25 keV Bi* primary ion beam at an in-
cidence angle of 45°. The primary ion beam with a pulsed
current of 0.5 pA was focused and rastered onto a 128 x
128 um? area, delivering a cumulative ion dose of 1 x 10'3

ions cm™2.

Positive secondary ion OPA on mica time profile with
Bis* source

Positive secondary ion measurements were performed un-
der these same conditions and an identical cumulative ion
dose. The primary ion beam pulsed current was 0.13 pA.

Positive secondary ion mica time profile with Bi;* source
Positive secondary ion measurements were performed un-

der these same conditions and an identical cumulative ion

dose. The primary ion beam pulsed current was 0.13 pA

Negative secondary ion OPA on mica time profile with
Ar* source

Negative secondary ion measurements were performed
using a (10 kHz) pulsed 8 keV Ar" primary ion beam at an
incidence angle of 45°. The primary ion beam with a pulsed
current of 0.182 pA was focused and rastered onto a 256 x
256 um? area, delivering a cumulative ion dose of 1 x

103 jons cm™2.
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